Defined media consisting of inorganic salts and vitamin B12 are described for tlhe male and female filaments of the green alga, Oedogonium cardiacum. These media provide for a maximal growth rate and for the induction of oogonia and antheridia under the prescribed conditions. The maximal amounts of growth, based on dry weight measurements, compare favorably with other green algae.
Several years ago Machlis (5) reported an attempt to grow axenic cultures of Oedogonium cardiacum (Q) in a defined medium. The work of Machlis (5) demonstrated that the soil extract required for growth provided vitamin B12. However, even with the provision of the vitamin, soil extract remained a requirement. Since that original study, efforts were continued to eliminate the dependence on soil extract. This goal, as well as nutritional control of gametangial induction, has been reached as described below.
MATERIALS AND METHODS
Axenic cultures of the macrandrous, heterothallic green alga, Oedogonium cardiacum Wittr., were used. Originally obtained from the Indiana Collection (Indiana No. 39 and 40) in unialgal culture, they were brought into axenic culture as described earlier (5) . The male and female filaments were grown separately and handled as individual organisms because their nutritional requirements and growth habits differ slightly.
The filaments were grown in 25 ml of medium contained in 25 x 250-mm culture tubes, aerated with 2% CO2 in air at 25 C, under conditions of continuous light at an intensity of 1.125 x 104 erg/Cm2-sec at the tube surfaces from wide spectrum Grolux lamps. The apparatus for aerating and racking the cultures was identical to that described by Machlis (5) .
Prior to use as inoculum, all cultures were grown through several (at least four, and often more) changes of medium without the presence of soil or soil extract to ensure that carry-over of a "soil factor" would not influence the results. Inoculum was prepared by blending vegetative filaments in sterile, glass-distilled water in a microblender for 15 to 20 sec and then inoculating each tube with 1 ml of the suspension. Dry weight determinations were based on an average of 10 replicates after the material was dried at 90 C for 24 hr.
I This work was supported in part by a National Science Foundation Grant GB 1107 to L. Machlis. The optimal concentrations for the maximal growth rate of both the male and female isolates are given in Table II . In these experiments, dry weight determinations were made after 4 to 5 days of growth. The amount of trace elements solution and of vitamin B12 were also varied to establish their optimal levels.
Subsequently growth curves were obtained ( Fig. 1) in the media described in Table II . Both the male and female exhibit an exponential growth rate from day 2 to day 5, followed by a decrease in rate. The latter is associated with a change from vegetative growth to the development of sexual cells culminating in the production of oogonia at day 6 in the female and antheridia at day 8 in the male. The maximal dry weights obtained (the final points in Fig. 1 ) compare favorably with those reported for other green algae (1) . development (lower) .
DEFINED NUTRITION OF OEDOGONIUM
In order to verify that a "soil factor" was unnecessary for growth, both the male and female filaments were grown on media (as described in Table II) in the presence and absence of soil extract. No significant difference in growth based on dry weight determination and microscopic observation was found.
After the media in Table II were developed, the growth capability was tested of cultures continuously maintained on Machlis' medium B (5) with added soil and at low temperature and light intensity with transfers every 3 months. When such plants were thoroughly washed in glass-distilled water and inoculated into the media of Table I , they grew with no abnormal lag phase and continued to grow vigorously with successive transfers into the defined media. Thus, the successful growth in the defined media does not appear to be attributable to mutation.
Attention was next directed toward control of sexuality. Initial experiments with the male filaments showed that the time for the production of antheridia was dependent upon nitrate concentration, but was, however, independent of the phosphate concentration-unlike the results obtained with Golenkinia (2) . The effect of nitrate concentration (Fig. 2) is to determine the time from inoculation to the development of oogonia or antheriidia.
DISCUSSION
The earlier study (5) of the nutrition of Oedogonium was started as a preliminary to the isolation of a sperm attractant produced by the oogonia. Inasmuch as the presence of unknown compounds contained in soil extract could be expected to interfere with the study of gametangial induction and hormonal control in the organism, a continuing effort was made to develop defined media for growth.
An additional result of this study has been the controlled production of oogonia and antheridia, based upon nitrate concentration. When the plants were grown in media containing soil extract, the growth was predominantly vegetative. Sexual structures in significant numbers were inducible in such plants only by transfer to low or non-nitrate containing media, a less than reliable procedure.
Three distinct differences between the male and female plants became evident in this nutritional study: (a) the male grows at a maximal rate in a lower concentration of nitrate than does the female (Table II) ; (b) the female attains a higher maximal dry weight than does the male (Fig. 1) ; (c) under comparable nutritional conditions the female produces viable oogonia 3 or 4 days in advance of the production of antherozoids by the male (Fig.  2 ). 
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It seems reasonable to speculate that the first two differences are associated. Microscopic examination of the male and female cells during growth shows that the female cells accumulate considerably more storage material-particularly starch-than do the male cells. This implies a greater dry weight per cell for the female and, therefore, a greater nutritional requirement. It also suggests that dry weight is not too satisfactory a method for growth rate determination. Unfortunately, cell counts for a filamentous alga grown on this scale are completely impractical.
The fate of the male cell is to produce several short lived sperm, whereas the female cell provides most or all of the cytoplasmic contents of the zygote. As best as can be ascertained so far (4), the zygote remains dormant for long periods of time before germination. The necessary materials for the synthesis of the zygote wall, the metabolism during the long dormancy, and energy and materials during the resulting germination must therefore be present in the female cell. The higher requirement for nitrogen in the female is probably related to the heavy enzymatic and structural demands of these processes.
The third difference between male and female cultures is a result of the particular nutrient media used in the experiments reported. Simultaneous formation of gametes can be induced by variations in the media; however, these decrease the rate of growth.
The ground work is thus laid for producing, assaying, and eventually characterizing the sperm attractant produced by 0. cardiacum oogonia (3) . Preliminary studies indicate that in contrast to sirenin (6) the 0. cardiacum sperm attractant is highly water-soluble and polar.
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